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TEST IZVALUATION OF VARIOUS ABLATIVE MATERIALS 

FOR ROCKET ENGINE APPLICATION 

INTRODUCTION 

The Marquardt Corporakion (TMC) supplied t h e  Manned Spacecraft Center (MSC) 
with eighteen b i l l e t s  representing t e n  d i f f e ren t  ab la t ive  materials f o r  a 
materia.1 eva.luation test  program. The object ive of t h i s  test  wa8s t o  eval-  
ua,te and compare t h e  performance of various ab la t ive  ma,terials for possible  
appl ica t ion  i n  small, l i qu id  bipropel lant  react ion cont ro l  system (RCS) 
rocket engines. 

The tes t  program was conducted by t h e  Thermochemical T e s t  Section for t h e  
Auxiliary Propulsion Section of Energy Systems Branch, Propulsion and Ehergy 
Systems Division. The tes t  w a s  conducted a.t t h e  i n t e r i m  Reaction Control 
T e s t  F a c i l i t y  a t  ELlington A i r  Force Bse, Texas, during t h e  period from 
December 6, 1963, t o  January 4, 1964. 
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TEST EQUIPMEXT DESCRIPTION 

A spec ia l  t e s t  (evaluator)  engine, as shown i n  f igures  1 and 2, was used 
t o  t es t  t h e  ab la t ive  mater ia l  b i l l e t s .  This engine cons is t s  of an Advent 
25-pound th rus t  engine in j ec to r ,  an in j ec to r  adapter p l a t e ,  an ab la t ive  
chamber, and a water cooled throa t  section. The mating p a r t s  of t h e  eval-  
uator  engine a r e  sealed by "0" r ings and held i n  compression by a bol t  and 
spr ing arrangement. The in j ec to r  head i s  a six-on-six multiple-point doub- 
l e t  with f u e l  supplied t o  the  outer  r i ng  of i n j ec to r  tubes and oxidizer  
supplied t o  t h e  inner ring. Propellant flow i s  control led by two indepen- 
dent coaxial  solenoid valves. The in j ec to r  adapter i s  a c i r cu lq r  s teel  
p l a t e  on which t h e  i n j e c t o r  head i s  mounted. 
a small  s t e e l  pre-combustion chamber which f i t s  i n t o  a space formed by ad- 
joining recesses i n  t h e  adapter p l a t e  and b i l l e t .  The water cooled nozzle 
sec t ion  i s  a rectangular p l a t e ,  fabr ica ted  from copper, and contains a, con- 
verging-diverging throa t  of 0.336 inches diameter, Four 0.5 inch connec- 
t i o n s  a r e  provided f o r  water i n l e t  and ou t l e t .  The water flows i n  an an- 
nulus around the  throa t .  The i n t e r i o r  s ixface of t he  nozzle i s  coated with 
a Rokide thermal and oxidation r e s i s t a n t  coating. The evaluator engine 
operating parameters are as follows: 

The adapter p l a t e  incorporates 

Chamber pressure (Pc)  150 psia 

Thrust (F) ,sea l e v e l  12 - 13 l b s  

Propellants Nitrogen Tetroxide and Aerozine 50 

Fuel flow rate (&+) 

Oxidizer flow r a t e  (& ) 

Oxidizer/fuel r a t i o  ( O/F) 1.6 

,0234 lbs/sec,  

,0375 lbs/sec.  
0 

Detailed performance of t he  evaluator engine with t h e  various b i l l e t s  t e s t e d  
2s shown i n  ta.ble 1. 

The a,blative b i l l e t s ,  which make up the  combustion chamber of the evaluator 
engine, a r e  cyl indrica*l ,  4.50 inches outside diameter, 0.780 inches ins ide  
diameter, a.nd 2.00 inches i n  length. The following ab la t ive  mater ia ls  were 
t e s t ed :  

a. MXS-51 (one b i l l e t  t e s t e d )  - A s i l i c a  f i b e r  f a b r i c  bonded by a 
snap cured phenolic res in ,  ta,pe wound, with a laminate or ien ta t ion  of 600 
t o  t h e  a x i a l  center l ine.  This material permits fabr ica t ion  of chambers 
without l a rge  pressure molding equipment. 

b. MXSE-48 (two b i l l e t s  t e s t e d )  - A s i l i c a  f i b e r  f ab r i c  bonded with 
a Buna-N modified phenolic res in ,  t ape  wound, with a laminate orientakion of 
600. This material ha,s a lower thermal conductivity and a higher r e s i n  con- 
t e n t  than s t r a i g h t  s i l ica-phenol ic  ab la t ives .  
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e .  Mx-2646 ( th ree  b i l l e t s  t e s t e d )  - A high p u r i t y  s i l i c a  f i b e r  f a b r i c  
bonded with phenolic res in ,  t ape  wound, with a laminate or ien ta t ion  of 600. 
One MX-2646 b i l l e t  was not post-cured while t h e  other two b i l l e t s  t e s t e d  
were subjected t o  d i f f e ren t  post-cure, time-temperature cycles. These post-  
cured b i l l e t s  were iden t i f i ed  as MX-2646 "A" and MX-2646 "B". 

d. MxR-42 (two b i l l e t s  t e s t ed )  - A new experimental mater ia l  which com- 
bines a highly re f rac tory  magnesium oxide f i b e r  paper with a modified Buna-N 
phenolic res in ,  tape wound, with a laminate or ien ta t ion  of 600. 
b i l l e t  w a s  pos t - cued  and one wa,s not, 

One MXR-42 

e. 
posi te ,  tazpe wound, with a laminate or ien ta t ion  of 600. 
was post-cured and one w a s  not,  

MX-2600 (two b i l l e t s  t e s t ed )  - A s i l i c a  fiber-phenolic r e s i n  com- 
One MX-2600 b i l l e t  

f. 
pos i te ,  ta.pe wound, with a, laminate or ien ta t ion  of 600. 
was post  -cured 
sleeves t o  increase the  s t r u c t u r a l  i n t e g r i t y  of t h e  material. 

MX-5707 (two b i l l e t s  t e s t ed )  - A low densi ty  s i l ica-phenol ic  com- 

nd t h e  other  w a s  not. 
One MX-5707 b i l l e t  

b t h  b i l l e t s  were encased i n  steel  

ge C-1589-48 with sc1008 (one b i l l e t  t e s t e d )  - A s i l i c a  fiber-phenolic 
composite i n  which the  s i l i c a  f i b e r s  have been coa,ted with chromic oxide. 
This material i s  commonly re fer red  t o  as " I r i sh  Refrasi l"  and was constructed 
by t h e  laminate lay-up method with a hmina te  or ien ta t ion  of 900. 

h. C-1589-4-8 with sc1008 and nylon (one b i l l e t  t e s t e d )  - A similar 
mater ia l  t o  t h a t  of i t e m  g, except t h a t  t h e  r e s i n  system has been modified 
by t h e  addi t ion of 25 percent nylon. This mater ia l  was constructed with a 
laminake or ien ta t ion  of 900 by t h e  laminate lay-up method. 

i. Oxidation r e s i s t a n t  caxbon c lo th  (one b i l l e t  t e s t ed )  - A ca,rbon 
c lo th  mater ia l  t r ea t ed  t o  improve i t s  oxidation res i s tance  and bonded with a 
nylon modified phenolic res in ,  This mater ia l  has a, 900 laminate orienta,t ion 
and was constructed by t h e  laminate lay-up method., 

j .  SK-5230-119 ''A" and "B" (two b i l l e t s  t e s t e d )  - A filament wound, 
This mater ia l  exhib i t s  control-  epoxy r e s i n  impregnated s i l i c a  material .  

l a b l e  densi ty  and thermal conductivity which can be varied both a x i a l l y  and 
r a d i a l l y  during manufacture. This mater ia l  i s  knows as Lockheat. 

All laminate type b i l l e t s  were t e s t e d  i n  the  evaluator engine w i t h  t h e  
p l i e s  sloped up and back toward the  in jec tor .  Detailed spec i f ica t ions  on 
t h e  a,bove materials are as out l ined i n  t a b l e  2. 
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TEST PROGRAM 

The t e s t  program spec i f ied  t h a t  each ab la t ive  mater ia l  b i l l e t  should be 
mounted on t h e  evaluator engine f o r  a continuous f i r i n g  of t h ree  minutes, 
A s  a r e s u l t  of t h e  severe mater ia l  erosion experienced by t h e  first two 
b i l l e t s ,  t h e  f i r i n g  time f o r  t he  next four  b i l l e t s  was reduced t o  two 
minutes. The f i r i n g  time f o r  t he  remainder of t h e  b i l l e t s  was increased 
t o  three  minutes again as  a, r e s u l t  of subsequent coordination between MSC 
and TMC. 

The b i l l e t s  were f i r e d  i n  the  following order: 

b. MXSE-48 

c.  MX-2646 

d. MX-2646 "A" 

e. MX-2646 "B" 

f .  MXSE-48 

g. MXR-42, no post-cure 

h. MXR-42, post-cure 

i. MX-2600, no post-cure 

j, MX-2600, post-cure 

k, MX-5707, no post-cure 

1. MX-5707, post-cure 

m. C-1589-48 w.ith sc1008 only 

n. C-1589-48 with nylon a.nd sc1008 

0. Oxidation r e s i s t a n t  carbon c lo th  with nylon and sc1008 

p. SK-5230-119 "A" Lockheat 

q. SIC-5230-119 "B" Lockheat 

A l l  b i l l e t s  were fired. continuously f o r  two or  t h ree  minutes except b i l l e t  
MX-5707 (post-cure)  which fa . i l ed  a f t e r  1-5 seconds of a scheduled three-  
minute t e s t ,  
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TEST PROCEDURE 

Two Advent i n j ec to r s ,  SIN 001 and S/N 003, were water flow ca l ibra ted  and 
t h e  r e su l t i ng  spray pa t te rns  were compared t o  se lec t  one in j ec to r  t o  be 
used with t h e  evaluator engine. The S/N 001 in j ec to r  was subsequently 
selected as  demonstrating a more symmetrical and uniform spray pa t te rn .  
The in j ec to r s  were compared by cold flowing v e r t i c a l l y  down onto a water 
surface maintained a t  a constant l e v e l  i n  a c l e a r  p l a s t i c  container,  The 
r e su l t i ng  pa t t e rns  were photographed through the  bottom of t h e  c l e a r  con- 
t a i n e r .  

A cooling water flowrate of f o r t y  gallons pe r  minute was spec i f ied  by t h e  
Mazquardt Corporation (TMC) f o r  t h e  nozzle sect ion with an i n l e t  and ou t l e t  
pressure of n ine ty  and t h i r t y  ps ig  respect ively.  
t h e  nozzle sec t ion  was flow checked and it was determined t h a t  a flowrate 
of twenty-five gpm wa,s the  maximum obtainamble flow with t h e  desired i n l e t  
and ou t l e t  pressure specif ied above. 
t h i s  flow was su f f i c i en t  f o r  t h e  t e s t  program. 

With the  a id  of a pump 

It was agreed by TMC and MSC t h a t  

The ab la t ive  b i l l e t s  were each weighed t o  t h e  nearest  one-hundredth of a 
pound p r i o r  t o  t e s t i n g .  mtch b i l l e t  was then ins ta , l l ed  t o  form t h e  com- 
bustion chamber of t h e  eva.luator engine per  t h e  ins ta l lak ion  ins t ruc t ions  
s e t  f o r t h  by t h e  Marquardt Corporation. 

Pr ior  t o  tes t  f i r i ng , the  nozzle end of t h e  evaluator engine was capped and 
the  engine was pressurized with nitrogen t o  135 ps ig  through an extra chamber 
pressure tap.  The seal ing jo in t s  of t h e  evaluator engine and the  walls of 
t h e  ab la t ive  b i l l e t s  were then leak checked with a soap solut ion.  

The de ta i led  instrumentation log f o r  t h i s  program i s  shown i n  t a b l e  3. 
The instrumentation set-up was i d e n t i c a l  f o r  a l l  b i l l e t s  except t he  two 
Lockheat ab la t ive  b i l l e t s  which required t h e  addition of seven temperature 
channels t o  record t h e  temperatures from t h e  buried thermocouples provided 
i n  these  b i l l e t s ,  All instrumentation was ca l ibra ted  p r i o r  t o  t h e  i n i t i a l  
f i r i n g  of each t e s t  day and, t he rea f t e r ,  rout ine checks were conducted p r i o r  
t o  and a f t e r  each f i r i n g .  
t h e  l a s t  f i r i n g  of t h e  t e s t i n g  day. 

A f i n a l  post  ca l ib ra t ion  was conducted following 

The propel lant  feed pressure was i n i t i a l l y  determined with t h e  a i d  of t h e  
water flow ca l ib ra t ion  curves. A s  hot f i r i n g  flow data became availa,ble,  
hot f i r i n g  flow curves were p lo t t ed  and used f o r  feed pressure determination. 

The post  f i r i n g  procedure en ta i led  the  weighing of each b i l l e t  t o  t he  
nearest  hundredth pound and sectioning each b i l l e t  f o r  inspection of t h e  
char depth and residue material .  The two MX-5707 b i l l e t s  were not sectioned 
due t o  the  metal encasement. The sect ions of b i l l e t s  were photographed with 
t h e  throa t  ends of each b i l l e t  placed together .  The de ta i led  t e s t  procedure 
f o r  t h i s  t es t  i s  outlined i n  reference 1. 



RESULTS AED DISCUSSION 

B i l l e t  MXS-51 - The F ibe r i t e  Corporation: This b i l l e t  was  subjected t o  a 
th ree  minute f i r i n g  on December 6, 1963. 
mater ia l  "glassing"* occurred. 
combustion chamber t o  t h e  evaluator engine throa t  by the  exhaust gas stream. 
Collection of t h i s  mater ia l  i n  the  engine throa t  caused a consequent de- 
crease i n  t h e  engine throa t  area and a n  accompanying increase i n  chamber 
pressure and .decrease i n  propel lant  f lowrate.  

During t h e  t e s t  heavy ab la t ive  
This mater ia l  was then t ransported from t h e  

As indicated i n  t a b l e  4 t h e  t o t a l  b i l l e t  mater ia l  weight loss  during t h i s  
th ree  minute f i r i n g  was 0.03 pounds, The char incurred during t h e  f i r i n g  
was 0 , 6 1  inches. 
by f igure  3. 

Char depth and degree of mater ia l  glassing a r e  indicated 

B i l l e t  MXEE-48 - The F ibe r i t e  Corporation: Two b i l l e t s  of t h i s  mater ia l  
were tes ted .  The f i r s t  b i l l e t  was subjected t o  a t h ree  minute f i r i n g  on 
December 6, 1963. 
caused an increase i n  chamber pressure and a decrease i n  propel lant  flowrate. 
The t o t a l  b i l l e t  mater ia l  w e i g h t  loss during t h e  three  minute f i r i n g  was 
0.06 pounds. 

During t h i s  t e s t  heavy ab la t ive  mater ia l  "glassing" again 

Char depth was 0.69 inches and i s  shown i n  f igure  4. 

Following t h e  th ree  minute f i r i n g ,  t h e  decision was made t o  vary t h e  pro- 
pe l l an t  feed pressures during the  t e s t s  t o  maintain constant propellant 
mass f lowrates which were considered t o  have a primary e f f ec t  on mater ia l  
evaluation. It was a l s o  decided a t  t h i s  t i m e  t o  reduce t h e  engine f i r i n g  
duration t o  two minutes t o  eliminate excessive ab la t ive  mater ia l  buildup 
i n  t h e  evaluator engine th roa t .  

The second MXSE-48 b i l l e t  was t e s t e d  on January 2, 1964. 
subjected t o  a two minute f i r i n g .  During t h e  f i r i n g  it was necessary t o  
ad jus t  t h e  propel lant  feed pressures t o  maintain flowrates.  The r e su l t i ng  
increase i n  chamber pressure was only a few pounds above t h e  design chamber 
pressure of 150 ps ia .  The highest  increase i n  chamber pressure a s  a r e s u l t  
of propellant f lowrate  adjustment during the  e n t i r e  t e s t  program was only 

This b i l l e t  was 

9 psig.  

The t o t a l  b i l l e t  m a t e r i a l  weight loss f o r  t h e  two minute f i r i n g  was 0.04 
pounds and t h e  r e su l t i ng  char-depth was 0.61 inches. 

I n  comparing t h e  r e s u l t s  of t h e  two f i r i n g s  it i s  noted t h a t  a r e l a t i v e l y  
l a rge  weight loss difference was incurred compared t o  a minor difference 
i n  char-depth. Specif ical ly ,  a 33 percent change i n  weight loss w a s  r e -  
corded a s  compared t o  a lle5 percent change i n  char-depth. It i s  f e l t  t h a t  
t he  increase i n  weight loss r e l a t i v e  t o  char-depth was a r e s u l t  of expelling 
a grea te r  quant i ty  of t he  "glassed" ab la t ive  ma te r i a l  from t h e  chamber ( b i l l e t )  
during the  longer f i r i ng .  Another f ac to r  contr ibut ing t o  t h i s  condition was 
the  increase i n  ab la t ing  surface area with time during t h e  f i r i n g .  
char progresses r ad ia l ly  throu& t h e  b i l l e t  t h e  char in te r face  surface area 
increases,  thus exposing a l a rge r  surface area ava i lab le  f o r  i n t e r f ace  abla- 
t i o n  and  reducing t h e  char-depth penetrat ion r a t e .  

A s  t h e  

ing" - Formation of molten g lass  on t h e  I . D .  surface a s  a r e s u l t  
of subject ing t h e  s i l i c a  present i n  the  ab la t ive  mater ia l  t o  temperatures i n  
excess of 32OOOF. 
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B i l l e t  Mx-2646 - The F ibe r i t e  Corporation: 
were t e s t e d  on January 2, 1964. 
two minutes. 
during f ab r i ca t ion  and are  designated a s  Type "A", Type "B", and "no post-  
cure". 

Three b i l l e t s  of t h i s  mater ia l  
Each b i l l e t  was subjected t o  a f i r i n g  of 

The three  b i l l e t s  represent t h r e e  d i f f e ren t  methods of curing 

Although very l i t t l e  ab la t ive  mater ia l  glassing occurred on any of t h e  
b i l l e t s ,  a s  shown i n  f igu re  5 ,  it was necessary t o  make minor propel lant  
feed pressure adjustments i n  order t o  maintain flowrate during a l l  t h ree  
t e s t s .  The weight losses  and char-depths of a l l  t h ree  b i l l e t s  are shown 
i n  table 4. 
two minute test  f i r i n g s .  

All th ree  b i l l e t s  performed exceedingly w e l l  during these  

Following t h i s  series of two minute f i r i n g s ,  the  decision was made t o  re- 
sume t h e  th ree  minute t e s t  durations i n  order t o  obtain more exhaustive 
data on t h e  ab la t ive  mater ia l  b i l l e t s .  This decision e s s e n t i a l l y  elimina- 
ted t h e  MX-2646 ab la t ive  mater ia l  from evaluation by comparison t o  t h e  
other  mater ia ls  i n  t h i s  t e s t  program due t o  t h e  varying tes t  period. 

B i l l e t  MXR-42 - The F i b e r i t e  Corporation: 
b i l l e t s  were tes ted ,  one each i n  t h e  "post-cure" and "no p o s t - x r e "  condi- 
t i on .  These b i l l e t s  were subjected t o  t h r e e  minute f i r i n g s  on January 2, 
1964. Unlike t h e  preceeding t e s t s ,  it was not necessa.ry t o  ad jus t  t h e  
propel lant  feed pressures i n  order t o  maintain flowrates during f i r i n g  f o r  
e i t h e r  of these  b i l l e t s .  The performance of t he  evaluator engine w a s  very 
smooth f o r  both tests, and no agglomeration of ab la t ive  materia.1 occurred 
a t  t h e  engine th roa t .  

Two MXR-42 abla t ive  mater ia l  

The phenolic r e s i n  of t h i s  mater ia l  was modified with a Buna-N addi t ive.  
During t e s t i n g  t h i s  modified Buna-N phenolic res in  eroded from between t h e  
plys  of magnesium oxide paper on both b i l l e t s  as shown i n  f igu re  6. The 
use of magnesium oxide paper i n  l i e u  of t h e  s i l i c a  f i b e r  f a b r i c  eliminated 
t h e  problem of ab la t ive  mater ia l  agglomeration a& t h e  engine th roa t .  I n  
comparing t h e  performance of b i l l e t  ~xsE-48 with t h a t  of MXR-42 it appears 
t h a t  t h e  magnesium oxide reinforcement material has grea te r  res i s tance  t o  
t h e  severe temperature/flow environment than does the  s i l i c a  f i b e r  f ab r i c .  

The char-depth w a s  i d e n t i c a l  on both MXR-42 b i l l e t s  a t  0.38 inches, but 
there  was a considerable d i f fe rence  i n  weight losses,  The post-cured 
b i l l e t  incurred a w e i g h t  l o s s  of 0.07 pounds compareu t o  0.05 pounds f o r  
t h e  b i l l e t  t h a t  was not post-cured, This seems t o  ind ica te  t h a t  t h e  post  
curing process w a s  detrimental  t o  t h e  material. The grea ter  port ion of t he  
weight l o s s  during t h e  test  can be a t t r i b u t e d  t o  r e s in  erosion between t h e  
laminates of t h e  magnesium oxide paper a s  indicated i n  figure 6. As staked 
above, magnesium oxide paper exhibited t h e  a b i l i t y  t o  withstand t h i s  type 
of environment very readi ly .  
bonding system, could possibly produce a superior  ab la t ive  material .  

This material ,  i f  combined with t h e  proper 

B i l l e t  MX-2600 - The F i b e r i t e  Corporation: 
cured and one not post-cured, were subjected t o  th ree  minute f i r i n g s  on ,Tan- 
uasy 2, 1964. 
i n  order t o  ma.intain flowrates during t h e  tes ts  as a r e s u l t  of ab la t ive  

Two MX-2600 b i l l e t s ,  one post-  

It w a s  again necessary t o  adjust  t h e  propel lant  feed pressures 



reinforcement mater ia l  erosion and agglomeration a t  t h e  engine th roa t .  
Figure 7 shows t h e  severe "glassing" condition ex is t ing  i n  the  b i l l e t  
subsequent t o  t e s t i n g  . 
The post-cured b i l l e t  evidenced a grea te r  char-depth penetrat ion (0.63 
inches) than did the  non-post-cured b i l l e t  (0.56 inches);  however, t h e  
post-cured b i l l e t  sustained only a 0.02 pounds reduction i n  weight com- 
pared t o  0.03 pounds f o r  t h e  non-post-cured b i l l e t .  The grea te r  weight 
reduction associated with t h e  l e a s t  char penetrat ion f o r  t h e  non-post- 
cured b i l l e t  i s  considered t o  be t h e  r e su l t  of expel l ing a grea te r  quan- 
t i t y  of t he  "glassed" ab la t ive  mater ia l  from t h e  chamber during f i r i n g .  

B i l l e t  MX-5707 - The F i b e r i t e  Corporation: 
b i l l e t s  of t h i s  ab la t ive  mater ia l  were subjected t o  th ree  minute f i r i n g s  on 
January 2, 1964. 
seconds when t h e  i n j e c t o r  end of t he  ab la t ive  chamber burned through. This 
f a i l u r e  was undoubtedly due t o  t h e  leakage of exhaust gas from t h e  combus- 
t i o n  chamber between the  in j ec to r  p l a t e  and b i l l e t  assembly t o  t h e  outer  
case. The engine assembly was leak checked p r i o r  t o  f i r i n g ,  thus  it i s  
considered l i k e l y  t h a t  t h e  leak  developed during t h e  i n i t i a l  s tages  of t h e  
f i r i n g .  

Post-cured and non-post -cured 

The post-cured b i l l e t  t e s t  was terminated a f t e r  f i f t e e n  

The non-post-cured b i l l e t  was subjected t o  a f i r i n g  duration of th ree  
minutes during which it was necessary t o  adjust  t he  propel lant  feed pres- 
sure  i n  order t o  maintain flowrates due t o  ab la t ive  mater ia l  agglomeration 
i n  t h e  engine throa t .  This b i l l e t  sustained a weight loss of 0.16 pounds 
which was t h e  grea tes t  loss incurred by any of t h e  b i l l e t s  tes ted .  

Neither of t h e  MX-5707 b i l l e t s  were sectioned, a s  shown i n  f igure  8, s ince 
it was considered l i k e l y  t h a t  t h e  mater ia l  would break up i f  t h e  s t e e l  
s leeve was removed. Since t h e  b i l l e t s  were not sectioned it was not pos- 
E i b l e  t o  obtain measured char-depths. 

B i l l e t  C-1589-48 with sc1008 - H. I. Thompson Fiberglass Company: This 
b i l l e t  was subjected t o  a t h ree  minute f i r i n g  on January 3,  1964. Although 
ab la t ive  reinforcement mater ia l  erosion and subsequent th roa t  area r e s t r i c -  
t i o n  again occurred, a s  was t h e  case with a l l  t h e  s i l i c a  f i b e r  f ab r i c  mater- 
i a l s  tes ted ,  very l i t t l e  propellant feed pressure adjustment was necessary 
i n  order t o  maintain flowrates.  This mater ia l  incorporates a chromic oxide 
coat ing on the  reinforcement mater ia l  s i l i c a  f i b e r s  which may have reduced 
the  "glassing" of t h e  b i l l e t .  The b i l l e t  incurred a r e l a t i v e l y  small w e i g h t  
loss  of only 0.02 pounds and a char-depth of 0.51 inches. 

B i l l e t  C-1589-48 with sc1008 and nylon - H. I. Thompson Fiberglass Company: 
This b i l l e t  was subjected t o  a t h ree  minute f i r i n g  on January 3, 1964. 
Ablative reinforcement mater ia l  erosion and agglomeration again r e s t r i c t e d  
exhaust gas flow and necessi ta ted continual propel lant  feed pressure ad- 
justment during t h e  tes t .  The weight loss incurred by t h i s  b i l l e t  was 
i d e n t i c a l  t o  t h e  C-5189-48 b i l l e t  without nylon (0.02 pounds) but t h e  char- 
depth was  somewhat g rea t e r  - 0.56 inches. 
r e s i n  system of t h i s  b i l l e t  was an attempt t o  induce a grea te r  production 
of gas during the  ab la t ive  mater ia l  pyrolysis  t o  e f f ec t  b e t t e r  cooling and 
longer mater ia l  l i fe .  
of nylon appears t o  be detrimental  t o  t h e  mater ia l .  
degree of ab la t ive  mater ia l  agglomeration f o r  t h e  basic  mater ia l  and t h a t  
containing nylon. 

The addi t ion  of nylon t o  t h e  

Eased on t h e  r e s u l t s  of t h i s  t e s t  however t h e  addition 
Figure 9 indicates  t h e  
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Oxidation Resistant Carbon Cloth - H. I. Thompson Fiberglass Company: This 
b i l l e t  w a s  subjected t o  a t h ree  minute f i r i n g  on Janmry 3, 1964. A la rge  
volume of t h i s  mater ia , lwas eroded away during the  t e s t  ass shown i n  f igu re  
10. 
chamber volume increa.sed as a r e s u l t  of t h i s  material erosian. It w a s  nec- 
essary t o  reduce t h e  propel lant  feed pressure during t h e  test  t o  prevent 
t h e  flowrates from becoming too  high a,s t h e  chamber pressure s t e a d i l y  de- 
c l ined.  

The chamber pressure s t ead i ly  declined throughout t h e  tes t  as t h e  

This mater ia l  incorpora,tes t h e  same r e s i n  system as t h a t  used on t h e  
C-1589-48 with sc1008 and nylon. 
material agglomeration w a s  noted i n  t h e  oxidation r e s i s t a n t  carbon c l o t h  
b i l l e t  as compared t o  t h e  s i l i c a  f i b e r  re inforced b i l l e t s  which were highly 
subject  t o  t h i s  "glassing", 

No evidence of ab la t ive  reinforcement 

The mater ia l  weight loss of t h i s  b i l l e t  w a s  0.11 pounds a.nd the  char-depth 
wars 0.86 inches. 

Lockheat SK-5230-119 - Lockheed Aircraf t  Corporation: Two b i l l e t s  of t h i s  
mater ia l  were t e s t e d  on January 3, 1964. The b i l l e t s  were designated "A" 
and ''B" and each was subjected t o  a t h ree  nrinute t e s t .  "Glassing" was very 
severe on both b ? l l e t s  as shown i n  f igu re  11 and it was necessary t o  con- 
t inuously ad jus t  t h e  propellant feed pressures  i n  order t o  maintain flow- 
r a t e s  throughout both tes ts ,  This mater ia l  exhibited the  most severe glass-  
ing tendency of a l l  ab l a t ive  m a t e r i a l s  t es ted .  The weight l o s s  and char- 
depth f o r  both b i l l e t s  was iden t i ca l ,  0.05 pounds and 0.64 inches. 

&ch b i l l e t  w a s  equipped with seven thermocouples buried a t  various depths 
within t h e  chamber w a l l .  
a r e  shown i n  f igu re  12. A t  shutdown after th ree  minutes of f i r i n g ,  thermo- 
couples numbers 1, 5, 7, and 2 on b i l l e t  "A" indicated temperatures of 
18920~ ,  922OF, 332OF, and l520F respectively.  Ro s igni f icant  temperature 
change w a s  recorded on thermocouple numbers 3, 4, and 6 during the th ree  
minutes of t e s t ing .  The temperature p r o f i l e  i n  t h e  b i l l e t  i s  shown on 
f i g u r e  13. A change i n  t h e  r a t e  of heat t r a n s f e r  at t h e  char interface 
i s  indicated by t h e  change i n  t h e  slope of t h e  curve at tha% point.  This 
is undoubtedly due t o  the  difference i n  t h e  heat t r ans fe r  coef f ic ien t  i n  
t h e  v i rg in  material as compared t o  the  char. 

The thermocouple numbering system and locat ion 

The number 1 thermocouple on b i l l e t  "B" burned out after approximately 
46 seconds of f i r i n g .  Thermocouple nmber 5 indicated a, tempera,ture of 
6 0 2 0 ~  a t  shutdown a,nd t h e  remaining thermocouples indicated only s l i g h t  
temperature change. 
l imi ted  and was considered inconclusive. 

The temperature data. obtained on b i l l e t  "B" w a s  very 

The water cooled th roa t  sect ion of t h e  evaLuator engine w a s  o r ig ina l ly  
scheduled t o  be used a s  a calorimeter during the  tests by recording t h e  
water i n l e t  and o u t l e t  temperatures. However, with t h e  25 gpm cooling 
water flowrate es tabl ished no temperature changes were recorded, 



CONCLUSIONS AND RECOMMERDATIONS 

1. 
of a l l  t he  mater ia ls  subjected t o  t h e  t h r e e  minute f i r i n g  duration. 
magnesium oxide reinforcement f ab r i c  u t i l i z e d  i n  t h i s  mater ia l  held up very 
w e l l  and shows considerable promise f o r  rocket engine appl icat ion,  It i s  
recommended t h a t  f u r t h e r  t e s t i n g  be accomplished on t h e  magnesium oxide re- 
inforcement f a b r i c  combined with various bonding mater ia ls ,  

Ablative mater ia l  b i l l e t  MXR-42 exhibited t h e  best  ove ra l l  performance 
The 

2. 
when subjected t o  a f i r i n g  duration of two minutes. 
be accomplished on t h e  mater ia l  t o  determine i t s  capabi l i ty  t o  withstand 
f i r i n g s  of longer duration. 

Ablative mater ia l  b i l l e t  MX-2646 exhibited sat isfa ,c tory performance 
Further t e s t i n g  should 

3 .  Ablative m s t e r i a m l  b i l l e t  C-1589-48 performed s a t i s f a ~ c t o r i l y  although 
some "gla.ssing" occurred, The degree of glassing appeared somewhat l e s s  
than t h a t  observed f o r  other  s i l i c a  f ab r i c  reinforced materials,  and t h i s  
difference may have been due t o  t h e  chromium oxide coaking of t he  f i b e r s ,  

4. 
not improve t h e  perf orma,nce of t h e  material .  

The use of nylon i n  t h e  r e s i n  system of abla,t ive b i l l e t  C-1589-48 does 

5. All ab la t ive  mater ia ls  t e s t e d  f o r  t h e  f u l l  thkee minute duration which 
u t i l i z e d  s i l i c a  f ab r i c  reinforcement "glassed" t o  a r e l a t i v e l y  severe degree 
such t h a t  propel lant  mass flowrate was r e s t r i c t ed .  
and subsequent agglomeration i n  t h e  engine th roa t  places a l l  s i l i c a  f a b r i c  
reinforcement ab la t ive  mater ia ls  i n  a questionable pos i t ion  as t o  usefulness 
i n  duration f i r ing  rocket engine application. However, se lec t ion  of materials 
f o r  rocket eLigines designed f o r  pulse  mode operation w i l l  necess i ta te  consid- 
e ra t ion  of addi t iona l  propert ies  and problem areas  outs ide t h e  scope of t h i s  
evaluation. 

6. 
recommended t h a t  addi t iona l  development and t e s t i n g  be accomplished on t h i s  
mater ia l  if t h e  severe erosion cha rac t e r i s t i c  can be improved, 

This mater ia l  phase change 

The oxidation r e s i s t a n t  carbon cloth eroded severely during tes t ,  It i s  
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EVALUATOR ENGINE PERFORMANCE 

TABLE I 

BILLET CHAMBEB OXIDIZER FUEL O/F THRUST F I R I N G  

( PSIA) ( LBS/SEC) ( LBS/SEC) (MIJS. ) 
TIME PRESSURE FLOW FLOW MTIO (LW) 

MXS-51 148 0.0350 0.0258 1.385 13.7 3 

MSE-48 150 0.0381 0.0229 1.660 12.9 3 

MX-2646 BPC 154 0,0388 0.0232 1.673 13.2 2 

MX-2646 "A" l5O 0.3730 0.0246 1.516 12.3 2 

MX-2646 "B" 147 0.0371 0,0225 1,649 12,o 2 

MXFE-48 149 0.0372 0.0244 1.530 13.0 2 

MXR-42 NPC 152 0.0376 0.0236 1.592 12.5 3 

MXR-42 PC 151 0.0232 1.6100 1.610 12.0 3 

MX-2600 BTC 151 0.0373 0.0234 1- 590 12.5 3 

MX-2600 PC 152 0.0383 0.0235 1.628 12.0 3 

MX-5707 €PC 156 0.0343 0.0219 1.565 12.0 3 

MX-5707 PC THIS CHAMBER BURITED THROUGH OF THE IHSECTOR END AFTER APPROXIMATELY 
15 SECOBTDS OF FIRIKC 

C- 1589-48 
sc-roo8 only 
T372 15 3 0.0342 0.0219 1.560 13. o 3 

C-1589-48 nylon 
and sc-1008 
T373 155 0 0342 0.0219 1.560 12.0 3 

Oxidation re- 
s i s t a n t  carbon 
cloth 155-152 0.0345 0.0213 1.320 12.0 3 

Lockheat "A" 152-159 0.0376 0.0236 1.590 12.1 3 

Lockheat "B" 151-160 0.0375 0.0236 1.580 12 .1  3 
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ABLATIVE BILLET PEFFOEMANCE DATA 

TABLE 4 

BILLET PRE-FIRE WT. POST-FIRE WT. WEIGHT LOSS CHAR DEPTH $ WEIGHT LOSS 
( L E )  ( LBS 1 ( L B )  (INCHES) 

MXS-51 1.70 1.67 0.03 0.61 1.76 

~ ~ - 4 8  1.71 1.67 

MX-2646 wc* 2.02 1.99 

0.06 0.69 3.5 

0.03 0.52 1.48 

MX-2646 "B"* 2.00 1.98 0.02 0.52 1.0 
* 

MX-2646 "A" 2 , O O  1.98 0.02 0.71 1.0 

M X S E - ~ ~ *  1.70 1.66 
( 2  min) 

0.04 0.61 2.35 

m - 4 2  NPC 1.93 1.88 0.05 0.38 2.59 

m - 4 2  PC 1. go 1.83 

MX-2600 NPC 1.93 1. go 

0.07 0.38 3.68 

0.03 0.56 1.55 

MX-2600 PC 1.91 1.89 0.02 0.63 1.04 

MX-5707 PC 2.55 2.44 Did not Tire  f u l l  duration 

MX-7707 MPC 2.79 2.63 0.16 N/A 5.73 

C158gr48 + 
sc 1008 1.96 1.94 

~1589-48 i- 
nylon and 
sc 1008 1.97 1.95 

0.02 0.51 1.02 

0.02 0.56 1.01 

Carbon c lo th  1.54 1.43 0.11 0.86 7.14 

Lockheat "A" 1,51** 1.46 0.05 0.64 3.31 

Lockheat "B'' 1.51** 1.46 0.05 0.64 3.31 

*NOTE: Billet subjected t o  2 minute firing only. ** 
NOTE: Lockheat b i l l e t s  were weighed with thermocouple wires and connectors. 
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ASSEMBLED EVALUATOR ENGINE 
FIGURE 1 



EVALUATOR ENGINE COMPONENTS 
FIGURE 2 Page 18 



MXS-31 BILLET 

FIGURE 3 



E-48 BILLETS 

FIGURE 4 Page 20 
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MXR-42 B I L m S  

FIGURE 6 Page 22 



FIGURE 7 
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MX-7707 BILLEPS 

FIGURF: 8 
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OXIDATION RESISTANT CARBON CLOTH 
FIGURF: 10 
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LOCKHEAT BILLEZS 

FIGURE 11 Page 27 
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D I S T A N C E  FROM THERMOCOUPIX TO CHAMBER WALL! 

KO. 1 - 0.09~~ 
NO. 2 - 0.69" 
NO. 3 - 0.89" 
AO. 4 - ~ 2 9 ~ ~  
LO. 5 - 0.29~1 
NO. 6 - 1.09" 
IVO. 7 - 0.49" 

LOCKHEAT THl3RMOCOWI;E ARRANGEMENT 

FIGURE 12 
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